Aeromonas hydrophila is responsible for heavy mortality to f»h stocks specially under culturing conditions. It is usually associated with the development of fish bacterial haemorrhagic septicemia. Therefore, the need for protection and treatment programmes is increasingly called on to avoid and/or overcome disease outbreaks in fishery populations.
blood cells, haemoglobin concentration and haematocrit values. These increments were due to the tissue hypoxia resulting from erythropenia caused by Aeromonas hydrophila infection. Treatment of the infected fishes with both laminarin and N. sativa showed a decrease in the RBCs count and haemoglobin concentration to the range of subnormal level A marked decrease in the RBCs count beyond the normal value and a noticeable increase in the haemoglobin concentration were noticed at the 5 lh week and the 4 th and 5 th weeks, respectively in the K sativa treated group. The PCV values were changed in a fluctuated manner parallel to the changes in the quantities of circulating RBCs and/or modified erythrocyte cellular volume.
In the protected groups, the haematological changes reflected the same effects of the immunopotentiators recorded in the treated ones. Also, following the challenge with bacteria, there was a decrease in the RBCs count, haemoglobin concentration and PCV values. Furthermore, the blood indices were calculated to interrupt and to give valuable support for the haematological results, The total leucocyte counts was increased after the challenge with bacteria, then a further elevation was recorded during the time of treatment with both of the immunopotentiators. Also, in the protected groups, the leucocyte counts was increased with laminarin and N. sativa injection. While it remained nearly unchanged following the infection with bacteria in the laminarin protected group, it was decreased in the N. sativa protected one.
The increased leucocyte counts were accompanied by an increase in the neutrophils and a decrease in the lymphocytes following the infection with bacteria and injection with N, sativa in both protected and treated groups, Meanwhiles, in the groups injected with laminarin, the neutrophil and lymphocyte counts were nearly fluctuated around the control values. In addition, monocytes were increased in all the studied INTRODUCTION In the last years, the Egyptian policy advocated the expansion in fish farming industry and the utilization of the natural resources beside technology to optimize this activity. Concurrently, and due to the fish farming and its intensification, many fish diseases started to appear particularly among the hatchery broods, cage culture and earthen ponds. Some of these diseases are fatal and spread in some cases even among Nile fishes. Some fish diseases were obsereved in Egypt due to importing of some exotic fish species either for farming or ornamental purpose (Easa & Khater, 1996) .
Motile aeromonas septicemia (MAS) is considered as one of the bacterial fish diseases, caused by genus Aeromonas. The greatest attention is paid by the researchers to Aeromonas and biotroph in connection with epizootics in aquaculture which have become more frequent, in particular, under fish breeding (Kompanet et al. y 1992) , The pathogenesis of A.hydrophila is multifactoral. A variety of virulence factors such as extracellular products (haemolysins, proteases and acetylcholinesterase (Nieto et a/., 1991 and Angka et al^ 1995) and other virulence determinants such as the presence of the S-layer.
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Therefore, the research in the field of fish diseases, prophylactics and treatments has to cope with the fast development and progress in fish culture. Medications from natural sources and biological control would be a wise option as a substitute to the chemical remedies in controlling of fish diseases. Problems with present antibiotic drug and chemical treatments to prevent diseases in fish set the stage for a new concept in disease prevention-the immunostimulants. An immunostimulant is a chemical, drug, stressor, or action that elevates the non-specific defense mechanisms or the specific immune response. Immunostimulants may be given by themselves to activate non-specific defense mechanisms, or they may be administered with a vaccine to activate non-specific defense mechanisms as well as heightening a specific immune response.
Laminarin is a^-l,3-glucan, which is a long-chain polysaccharide extracted from yeasts, algae and fungi cell walls, and is a good stimulator of non-specific defense mechanisms in animals, including fish (Yano et al t 1989 and Robertsen et al, 1990) . Because these are products of ubiquitous environmental microflora and potential pathogens, the animals may have a predisposition to react to these substances, similar to reactions to LPS from Gram-negative bacteria. Injection of the glucan was followed by an increase in serum lysozyme and complementmediated haemolytic activity, which may have contributed to the enhancement of non-specific defense mechanism (Engstad et al, 1992) .
Recently, several groups have demonstrated that /-glucans also stimulate the non-specific antibacterial defense of fish (Chen & Ainsworth, 1992 and Jeney & Anderson, 1993) . Another study has demonstrated that head kidney macrophages from glucan-treated rainbow trout, Oncorhynchus mykiss (walbaum), have an elevated bactericidal capacity (Jcrgensen et al, 1993) . The increased bacterial killing could be correlated with an increased production of O . Yeast glucan has also been shown to function as an adjuvant in an intraperitoneal (i.p.)-Changes in the haematological parameters of Cyprinus carpio during the motile Aeromonas septicemia disease 4*7 administered flininculosis vaccine in Atlantic salmon. (Jorgensen et al, 1993) .
Laminarin has been shown to act as an immunomodulator on fish macrophages isolated from the anterior kidney in vitro (Dalmo et a/., 1994) . Moreover, various jff-K3-D-glucans are reported to enhance the non-specific resistance in fish and/or to have a stimulatory effect on fish macrophages in vivo and in vitro (Anderson, 1992; Jorgensen & Robertsen. 1994; Sveinbftmsson & Seljelid, 1995) . Engstad & Robertsen (1993) showed that Atlantic salmon macrophages appear to express a specific receptor for yeast glucan, which supports a role for macrophages in the glucan-induced antibacterial defense of fish. In addition to native laminarin, LPS and slightly sulfated laminarin were also examined for their stimulatory effect on head kidney macrophages of Atlantic salmon, Salmo salar L., because LPS is a known macrophage activator (Burell, 1990) and sulfated^ (l,3)-D-g!ucans have interesting biological properties such as anti-viral activity (Yoshida et a/., 1990) and immunomodulatory effects in vitro and in vivo (Williams el ai, 1991) .
Nigella sativa is an annual herbaceous plant belongs to family Ranunculaceae. It is known as black cumin or black seed and is widely distributed in countries bordering the Mediterranean sea, in Western Asia, India, Pakistan, Bangladesh, East Africa and Middle Europe (Al-Jassir, 1992) . Nigella sativa is considered to have emetic and expectorant potential (Tennekoon et a/., 1991) . It is used as anticancer and antileukemic (Abdel-Salam et al, 1992 and Zahran et al t 1996) , antimicrobial (Hanafy & Hatem, 1991) and as anticestodial drug (Akhtar & Riffat, 1991) . Recently, the seeds have been found to possess an immuno-potentiative activity (Zarka, 1993) . The volatile oil of Nigella Mostafa A, EI-Feki et ai saliva has been found to exhibit an anti-bacterial and anti-microbial activity (Hasan et ai, 1989) .
The aim of the present work is to look at the potentiating effects of laminarin and Nigella saliva on different fish blood parameters against the motile aeromonad septicemia (MAS) fish disease.
MATERIALS AND METHODS

I. Fish:
One hundred and fifty healthy common carp {Cyprinus carpio L.) of both sexes (average weight 90 ±10 gm & total length of 15±2 cm) were collected from Gezerat-Abu-Saleh fish farm (18 km away from Beni-Suef). Fish were bathed in 3% NaCl solution, washed three times in sterile tap water and thoroughly examined to ensure that they are free from signs of any microbial or parasitic diseases. The fish were maintained at 24-26°C in well-aerated, chlorine-free tap water glass aquaria (80 * 40 x 50 cm) and fed daily on commercial fish pellets.
II. Bacteria:
Aeromonas hydrophila (A-47) was identified, purified serologically as described by Cruickshank et al (1975) which was kindly provided by the Department of Microbiology, Faculty of Science, University of AI-Azhar. The bacteria were grown on nutrient agar (pH 6.8) and nutrient broth (pH 7.5-7.6), The bacterial numbers used in this work were determined via standard curve constructed according to the matching technique developed by measuring the optical density of both turbidity standards and bacterial cell suspensions at 650 nm (Baron et al. y 1994) .
Changes in the haematologicai parameters of Qprmus carpio during the motile Aeromonas septicemia disease 49 111. Immunopotentiators: IIL1. Laminarin: Laminarin, approx. 95%, from cell walls ofLaminaria digitata, was purchased from Sigma (England), suspended in 0,65% NaCl (1% w/v) and administered at 0.1 ml / 90gm fish fresh weight (Yano et a/., 1989 and Ji)>rgensen etal. y 1993).
I1L2. Nigella sativa oil:
Nigelia sativa seeds were washed with distilled water and sundried. Two hundred grams of ground seeds were soaked in 500ml diethyl ether for 6 hrs and filtered. The extract was concentrated by using rotary evaporation (60°C) leaving a clear dark brown oily liquid. The yield of this extract was 11% v/w in terms of dry starting material (Hanafy & Hatem, 1991) , stored at 20°C (El-Tahir et aL 1993) and injected at 0.1 ml / 90gm fish fresh weight (Hedaya, 1995) .
IV. Experimental design:
One hundred and fifty healthy common carp (Cyprinus carpio L.) were divided into five groups, each of thirty fish. Six fishes were sacrificed weekly from each group.
Group I (Control):
This group was injected with an equivalent dose of saline solution (0.65% NaCl).
Group II:
Fish were intraperitoneally (i.p.) daily injected with 0.2 ml of 6*10 6 bacterial cells/ml 3 up to 7 days, and then weekly injected with 0.1 ml of 1% laminarin for 4 weeks.
Group III:
Fish were intraperitoneally (i.p.) weekly injected with 0.1 ml of 1% laminarin for 4 weeks, and then daily injected with 0.2 ml of 6* 10 6 bacterial cells/ml 3 for 7 days.
Group IV:
This group offish were (i.p-) daily injected with 0.2 ml of 6*10
6 bacteria] cells/ml 3 for 7 days, then weekly injected with N. saliva for 4 weeks at a dose of 0.1 ml/fish.
Group V;
The fish were (i.p.) weekly injected with 0.1 ml of AT. saliva for 4 weeks, and challenged daily for a week by 0-2 ml of 6* 10 6 bacterial cells/ml 3 .
V. Blood sampling:
In order to minimize the possible variations in blood values, the technique was standardized as follows. The fish were caught gently in a small net, avoiding stress, as much as possible, and immediately, without anaesthesia, blood was collected into a 3 cm sterile plastic syringe via the caudal vein. The use of plastic syringes is a necessary precaution with fish blood because contact with glass results in shortened coagulation times (Smith et al, 1952) . After detaching the needle from the syringe, the blood was mixed well in a vial containing anticoagulant (Potassium salt of ethylene diamine tetra-acetic acid, EDTA) to give a final concentration of 5 mg EDTA per cm 3 blood (Blaxhall & Daisley, 1973) .
VI. Total crythrocytic count:
The total red blood corpuscles (RBCs) were counted using the double improved Neubauer chamber as described by Natt and Herrick (1952) .
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VII. Determination of haemoglobin concentration:
Haemoglobin concentration (gm/dl) was determined using cyanomethemoglobin method (Larsen & Snieszko, 1961) .
VHL Microhaematocrit (Packed cell volume) (PCV):
The well-mixed blood was drawn into a microhaematocrit tube 7.5 cm long, 1mm internal diameter and one end was sealed with clay, The tube was then centnfuged in a microhaematocrit centrifuge for 5 minutes at 15.000 rpm. Readings were made with the aid of a microhaematocrit reader (Dacie & Lewis, 1991 Direct counting of leucocytes (WBCs) on a Neubauer chamber is the preferred method of determining fish total leucocyte counts, using Natt-Herrick solution,
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XI. Differential leucocyte counts:
Percentage of each type of leucocyte in relation to the total number of leucocytes counted was calculated (MacGregor et aL, 1940) .
XII. Statistical analysis:
Data were analysed using MANOVA for a completely randomized design in a 3><5 factorial treatment arrangement of groups and time. Also, MANOVA for a completely randomized design was performed with 10 treatments to investigate the effect of protection and' treatment with either of the two used immunopotentiators inbetween groups on the assayed parameters. If significant differences were found, means were separated using the least significant difference (LSD). Computations were performed using the Statistical Analysis System (Gomez & Gomez, 1983) .
RESULTS
The recorded values of control fish (Table 1 and Fig. 1 ) and of the percentage differences 17.22% and 14.49%, respectively. After treatments with laminarin or N, sativa> there was a marked continuous decrease in the total red blood cell counts. The maximal effects being recorded at the end of the 5* week and the detected values were of percentage differences -12.39% and -27.06% after treatments with laminarin and K sativa, respectively.
On the other hand, in the laminarin protected group, the total red biood cell counts remained nearly unchanged for two weeks and slightly increased at the 3 rd week of the experiment. After four weeks of laminarin injection, the number reached a value of ({1.294±0.044}* 10 The general percentage differences of protection with either laminarin or N.sativa were -2.09 % and -12.58 %, respectively, while they were -1.68 % and -7.55 % after treatments with laminarin and N. sativa^ respectively.
The recorded haemoglobin concentration values of the control animals (Table 1 and Fig.2 ) were more or less unchanged at all the experimental periods when compared with the normal ones. After the 1 st week of injectioru infected fish had a haemoglobin concentration of 9.983±0.232 gm/dl and 8.4Q7±0.266 gm/dl in laminarin and N.sativa treated groups, respectively. Meanwhile, haemoglobin concentration of laminarin treated group showed a continuous decrease throughout the rest of the tested periods (-10.57%, -5.39%, -1.59% and -3.38%), respectively. N. sativa administration induced a marked decrease after the 2 nd week (-19.95%) and 3 rd week (-5.84%) and a noticeable increase (22.03% and 13.84%) at the 4 th and 5 th weeks, respectively.
On the other hand, in the laminarin protected fish, the haemoglobin concentration depicatd fluctuated changes during the five weeks of the experiment with the lowest value (6.156±0.132 gm/dl) at the 4 th week and the highest value (8.050±0.231 gm/dl) at the 5* week of the experiment. However, the protection by N. saliva had a marked effect on decreasing haemoglobin concentration after one week of N. sativa injection (5.660±0,208 gm/dl) with the highest value (8.38(^0.107 gm/dl) at the end of the 2 nd week. Then the value was gradually decreased (5.667±0.157 gm/dl) after four weeks of//, saliva injection. At the end of the experiment, the recorded value showed a marked decrease in the haemoglobin concentration, being 5.960±0.241 gm/dl and the percentage difference -16.45% compared to those of the control and laminarin protected groups with a haemoglobin concentration of 7.133±0.112 gm/dl and 8.050±0.231 gm/dl, respectively
The general percentage differences of protection by either laminarin or N.sativa were -0.89% and -9.19%, respectively, while they were 1.94% and 6.30% after treatments with laminarin and N. saliva, respectively.
In the control group, the packed cell volume (PCV) remained nearly unchanged during the experimental periods compared with the normal ones (Table 2) The general percentage differences of protection by either laminarin or Ksativa were -4.63% and -9.59%, respectively, while they were -2.45% and -2.32% after treatments with laminarin and N. sativa, respectively.
The control mean cell volume (MCV) had been given a value of (187,661±7.818 fl) that was nearly equal to that of the normal ones (Table  2 and The general percentage differences of protection by either laminarin or N.sativa were -2.09% and -12.58%, respectively, while they were -1.68% and -7.55% after treatments with laminarin and N. sativa respectively,
In the control group, the mean cell haemoglobin (MCH) remained nearly unchanged during the experimental periods compared to that of the normal ones (Table 3 and Fig. 5 ).
Prolonged treatment of the infected fish with each of the tested immunopotentiators for four weeks had different effects on the mean cell haemoglobin. The recorded values were increased gradually after treatment with oil to reach the highest value (67.085±2.594 pg) and the percentage difference of 56,43% at the end of the experiment. It showed fluctuated values during treatment with laminarin reaching its maximal value (47.333±G.827 pg) and the percentage difference was 10.37% at the end of the experiment (i.e at the 5 th week).
On the other hand, the mean cell haemoglobin (MCH) in the laminarin protected group showed nearly no detectable change during the 1 st three weeks of the experiment then increased gradually reaching its maximal value (49.739*0.717 pg) and the percentage difference was 15.98% at the end of the experiment. The lowest value was obtained at the end of the 2 nd week, being 41.233±0.579 pg and the percentage difference was -6.81%. The recorded results of the N. sativa protected fish depicted a gradual increase in the values of the mean cell haemoglobin with the maximal value of 49.010±0.52I pg and the percentage difference 9.21% at the 3 rd week. Then, they were decreased Changes in the haematologkal parameters of Cyprinus carpio during the motile Aeromonas septicemia disease 57 till the end of the experiment (i.e at the 4 th and 5 th weeks). The lowest effect being recorded at the end of the l* 1 week and the detected value was of percentage difference-2,27%.
The general percentage differences of protection by either laminarin or N.sativa were 1.18% and 3.36%, respectively, while they were 3.31% and 14.61% after treatments with laminarin and K saliva, respective!}'. Table ( 3) and Fig, (6) showed no detectable change in the general mean of control mean cell haemoglobin concentration (MCHC) compared with the normal ones.
Treatment of the infected fish with laminarin or N.sativa depicted fluctuated results of the mean cell haemoglobin concentration along the experimental time; the maximal effects being recorded at the 3 rd week and at the end of the experiment, respectively. The detected values were of the percentage differences 11.69% and 27.82% after the continuous administration of laminarin and N. sativa, respectively.
In the N sativa protected group, the results revealed increased values of mean cell haemoglobin concentration at the 2 nd and 3 rd weeks as compared to that of the control with the percentage differences of 11.75% and 8.88%, respectively. The lowest value was recorded at the last week of the experiment and showed the percentage difference of -5.39%.
On the other hand, the group protected by laminarin depicted the highest record at the end of the experiment, at which the value was 26.174±0.393 gm/dl and of the percentage difference 17.41%. The lowest value was 21.991±0.235 gm/dl and of the percentage difference 0.47% at the 4 th week of the experiment.
The general percentage differences of protection by either laminarin or N.sativa were 3.26% and -0.27% respectively, while they On the other hand, laminarin and K sativa protection exerted a marked and continuous increased effect on the total leucocyte counts throughout the tested periods. The maximal values being detected at the 4 th and 2 nd weeks and of the percentage difference 177.49% and 274.65%
after the continuous weekly protection by laminarin or N. sativa respectively. The general percentage differences of protection by either laminarin or N.sativa were 141.10% and 178.93%, respectively, while they were 121.18% and 167.29% after treatments with laminarin and JV. sativa respectively.
Collected data for the differential leucocytic counts of control and laminarin and K sativa injected fishes were given in Tables (4, 5 and 6) and illustrated infigs %, 9,10 ,11 and 12).
Changes in the haematological parameters of Cyprinus carpio during the motiltAeromonas septicemia disease 59 experiment. On the other hand, fish treated with N. sativa depicted a gradual increase in the neutrophil percentage during the I st three weeks of the experiment then the number was decreased up to the end of the experiment, but still higher than that of the control ones.
Meanwhile, group protected by N. sativa showed a marked increase in the neutrophil percentage during the time of protection with a maximal value of (56.000±6.693 %) at the 2 nd week, croup protected by larninarin revealed a single elevated value (39.333±5.125 %) after two weeks of larninarin injection. After the infection with bacteria, the neutrophil percentage was markedly increased in fish protected by either of the tested immunopotentiators. The effect observed with such potentiators was quite similar following the infection; the recorded values were 52.500*5.167 % and 57.667*4.633 % and of the percentage differences were 162.50 % and 188.34 % after the protection by TV, sativa and larninarin, respectively.
The percentage of lymphocytes showed an opposite behaviour to that of neutrophils (lymphopenia) in all groups with the highest values at the 4 lh week for larninarin treated group and the 5 lh week for N. sativa treated ones, whereas they were recorded at the 1** week for both larninarin and N. sativa protected groups, respectively.
While monocytes in the N. sativa treated group were markedly increased throughout the experimental periods to reach the highest value of (11.6674:2.160 %) at the 4 th week, treatment with larninarin exhibited fluctuated results with a maximal record (4.000±0,894 %) after the T Concerning the basophils percentage, there were no noticeable changes in all the tested groups during the time of the experiment.
The values of the least significant difference of the studied haematological parameters were recorded inTable (7).
DISCUSSION
The use of haematological parameters on fish blood and the need for establishing normal values in fish with a view to the aid in the diagnosis of disease and their connection with immunopotentiators and its effects has been emphasized.
The haematological changes in the blood of common carp {Cyprinus carpio) induced after the i.p. injection with Aeromonas hydrophila pathogen were characterized by a temporary increase in the total number of red blood cells, haemoglobin concentration and haematocrit values at the end of the 1 st wrek post-infection in both laminarin and N. sativa treated groups. The temporary increase in the RBCs count may be due to the tissue hypoxia resultant from erythropenia caused by Aeromonas hydrophila infection, which characterized by the level of haemolytic anaemia that related to its high requirement for iron and which could be obtained by different ways: 1) the ability of the strain Changes in the haematoiogical parameters of Cyprinus carpio during the motile Aeromonas septicemia disease 61
to produce potent cytolysin capable of lysing RBCs (Lee & Ellis, 1989 , 2) increased haemolytic and proteolytic damage of host tissue by Aeromonas hydroph ila which caused the liberation of intracellular iron stores for use by the organism during in vivo growth (Hirst et ai t 1994) , 3) the ability of the strain to utilize variety of haem sources representative of the differing physiological functions of haem, in addition to its ability to use haem sources complexed to the serum proteins albumin and haptoglobin like haemoglobin-haptoglobin and haem-albumin (Stoebner & PayneJ988) , 4) bacteria can utilize transferrin-bound iron through the proteolytic degradation of transferrin (TF) and disruption of the iron binding site to release Fe 3+ , it can also use lactoferrin (LF) as a source of iron throughout a direct interaction between lactoferrin and the bacterial cell surface (Hirst& Ellis, 1996 ) , 5) the ability of the strain to develop an iron sequestering mechanism based on the secretion of a siderophore. which induces separation of plasma and tissue iron from its transferrin or ferritin binding proteins. These complexes with siderophore are attached to specific complex transporting outer cell membrane proteins for absorption into the bacterial cells Hirst et al. y 1994) , 6) the 70-kd serine protease formed by bacteria was able to cause an alteration in membrane lysophospholipid content which can affect the cell shape, charge, distribution and activity of membrane bound enzymes which in turn could damage RBCs and cause their lysis (Rosjo et al, 1993 and Esteve et aL y 1995) and 7) nutritional diseases, since during the infection time, the fish suffered from starvation and so erythropoietic impairment (Wedemeyer & Mcleay, 1981) .
So, if the amount of the lost blood was large, the blood volume was decreased and the homeostatic mechanisms tend to restore the original blood volume by absorption of tissue fluid. This led to blood dilution accompanied with the reduction of the number of RBCs; hence £ MostafaA.El-Feki.g^ the tissues were subjected to deficient oxygenation. Such oxygen deficiency triggered the production of erythropoietin hormone which in turn stimulates erythropoiesis that involved an increase in the number of developing cells, rate of maturation due to shortening of mitotic cycle, and cell release from the haemopoietic organs (Benjamin, 1984) , Also, the increase in haemoglobin concentration and haematocrit values of the infected fishes were in agreement with Yamamoto & Itazawa (1988) reported an elevation in the haemoglobin concentration and haematocrit values of mirror carp exercised for an hour. They explained that as a result of increased supply of RBCs from the spleen; erythrocytes swelling due to severe stress of antigen injection which increase haemoglobin level producing a reverse of oxygen capacity, and water shifting out of the vasculature (Awad, 1992 and El-Feki et a/., 1993) . In addition, Klontz (1972) found that the low tension of C0 2 could cause an increase of approximately 25% in the red cell volume. The mechanism of RBCs swelling appeared to reside on the stimulation of inward ion flux and water contransport by circulating catecholamine during stress (Dheer et aL, 1987) .
Treatment of the infected fishes with N. sativa and laminarin showed a decrease in the RBCs count to the range of subnormal level, except a marked decrease beyond the normal value at the 5 th week in the group treated with K sativa. The decrease in the total RBCs count in the K sativa injected fishes was referred to the enhanced red blood cell haemolysis by N. sativa (Sallal & Alkofahi, 1996) . For the depletion of erythrocytes in the fishes treated with laminarin, this may be attributed to the direct effect of laminarin on the haemopoietic organs by increasing the production of leucocytes by these haemopoietic tissues (Baulny et ah, 1996) so homeostasis of total blood volume was maintained by the reduction of red cell mass. In addition, such reduction in erythrocyte Changes in the haematological parameters of Cyprinus carpio during (he motile Aeromonas septicemia disease 63 count may be as a result of the prolonged effect of Aeromonas hydrophila infection, which can utilize haem by lysing the RBCs.
Cessation or impairment of feeding coupled with stressful effects of infection may be a reason for such depletion of erythrocyte count, Also, the skin haemorrhage caused by Aeromonas infection decreases the absorption of vitamin B12, which mainly used in the erylhropoiesis, leading finally to a megaloblastic anaemia as declared by Robbins et ai (1984) .
In the laminarin and N. saiiva treated fishes, die large drop in the haemoglobin concentration may be due to the decrease in the erythrocytes count or may be due to the failure in the blood osmoregulation and plasma osmolarity (Wong & Davidson, 1983) .
The changes in the PCV values in both laminarin and N. sativa treated groups may be caused by alteration in the quantities of circulating red cells, altered plasma volume and/or modified erythrocyte cellular volume resulting from osmotic stress and distributed ion exchange during osmoregulation (Awad, 1992), In the N.sativa protected group the haematological changes reflected the same effects of//, sativa recorded in the treated group, since there were marked decreases in the total RBCs count, haemoglobin concentrations and PCV values at the 1 st and 4 th weeks of the experiment.
These decreases were interpreted previously on the basis of enhanced RBCs lysis (Sallal & Alkofahi, 1996) . Also, the temporary slight increase in the haemoglobin concentration at the 2 nd week may be attributed to the beneficial effect of the oil on the injected fishes (El-Tahir et ai, 1993), or may be due to erythrocytes swelling (El-Feki et a/., 1993), The decrease in the RBCs count' haemoglobin concentration and PCV value following the challenge with bacteria may be as a result of the direct effect of antigen injection, and also may be due to the prolonged effect of the For the laminarin protected group, the total number of RBCs was nearly normal along the experimental period except a temporary slight increase at the 3 rd week of protection followed by a reduction in the erythrocytes count at the next week (i.e. 4 th week) of the experiment. To explain these results it was postulated that fish recognize polysaccharide constituents in glucan, products of environmental microflora and potential pathogens, as foreign agent because of their similarity to bacterial gram-negative polysaccharides (Anderson & Siwicki, 1994) . So, results of such group parallel the results of the laminarin treated one, since the latter depicted a temporary more elevated red cell counts after the injection with bacteria followed by a decrease in the number of RBCs during the treatment with laminarin. Also, the reduction in the erythrocyte counts may be due to the decrease in the penultimate stages of RBCs in the haemopoietic tissues (EI-Feki, 1987) , or may be as a result of the haemopoietic differentation directed to the production of leucocyte cells under the effect of laminarin (Baulny et ah, 1996) . The slight decrease in the haemoglobin concentration and PCV value at the 4 th week may be attributed to the reduction in the red cell volume (Klontz, 1972) . The slight reincrease in the haemoglobin concentration at the last week of the experiment (i.e. after the i.p, injection of bacteria) may be due to the increased erythrocytes count or may be a result of RBCs swelling due to stress of infection (Wood et ah y 1983) .
These results confirmed those reported by Robertsen et ah (1990) which showed that the i.p. injection of yeast glucan into Atlantic salmon (Salmo salar L.) induced enhanced resistance against infection by several pathogenic bacteria. So, laminarin may have the potency for activating early protection against diseases.
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The decrease in the MCV of the infected fishes was in agreement with the result of Abu El-Saad (1996) which can be due to the failure in blood osmoregulation and plasma osmolarity (Wong & Davidson, 1983) or to the depression of the fish immune system as a result of the stressful effect of antigen injection (Solanki & Blackburn, 1985) . Also, the reduced MCV in both treated and protected groups may be attributed to iron deficiency and some deficiencies of haemopoielic factors (Benjamin, 1984) . The elevated MCV may be due to the increased activity of the haemopoietic tissues; for example, the increase in cell release from such tissues under erythropoietin stimulation which associated with an increase in mean corpuscular volume (Benjamin, 1984) .
The MCHC was temporary increased during the time of infection, while MCV was decreased. This difference may be attributed to the dysfunction occurred in the red cell membrane which become inflexible (England et al, 1982) . The increased MCHC may be due to the increase in the weight of haemoglobin in the erythrocyte and not to an increase in the concentration of haemoglobin per unit volume. So, the decreased MCHC may be referred to the reduction in haemoglobin which relatively greater than the average decrease in erythrocyte volume (Benjamin, 1984) . In addition, the decrease in MCH and MCHC may be due to that the Aeromonas sp. can utilize various haem sources such as haem, haemin and haemoglobin besides the haem complexes such as haemoglobinhaptoglobin and haem-albumin (Hirst et ai, 1994) .
The increase of the total leucocytes count following the infection with bacteria can be considered as an inflammatory response induced as a defense mechanism against the injected antigen (Said, 1990; El-Bakry, 1992; Zahran et a/., 1992 and El-Shahawy et al, 1995) . Ansari & Williams (1976) temperature (Stoskopf, 1993) . The heterophilic activity in bacterial infection has shown a high phagocytic response in goldfish (Watson et a!., 1963) and rainbow trout (Finn & Nielson, 1971) . Also, the fish heterophils were noticed in infiltrate injured tissues early in the inflammatory aeromonad response (Thrope & Robert, 1972 and Joy & Jones, 1973) . In addition, E!- Feki et al. (1993) reported that neutrophils are phagocslic cells and concluded that the increase of neutrophils may be due to their phagocytic activity. Furthermore, Bly et al (1990) recorded that the increase of neutrophils immediately postinjection was due to rapid cell proliferation and/or differentiation account for the peripheral blood. Also, they noticed that the neutrophils are harbored elsewhere in the body pre-injection, which empties postinjection"
For the group treated and protected with N. sativa, the increase in the number of neutrophils with the continuous administration of N. sativa and then its gradual decrease along the experimental period confirmed the previous work carried by who suggested that TV. sativa may accelerate the developmental stages of polymorphonuclear leucocytes and hence the number of mature neutrophils may be increased in the blood. Since it decreases the release of histamine from mast cells, which induce vasodilation as deduced by Chakravarty (1993) . This in turn provokes traversing of neutrophils from the entire blood to the tissue.
In fish, heterophilia due to stress responses is most frequently associated with lymphopenia (Slicher, 1961) . Sovenyi et al. (1990) reported a case of lymphocyte arrest in response to stressful conditions after antigen injection, i.e. an inhibition of their release into the blood for two reasons: (1) density of lymphocyte-like cells increased, (2) a massive proliferation that could justify the increase in their percentage.
The increase in monocytes may be due to the increase in haemopoietic activity after the exocytosis done by monocytes after the discharge of its granules to lyse the antigen(s) extracellulary (Roitt et aL> 1982) .
The change in the eosinophil number may be due to the engagement of these cells in phagocytic processes against the injected antigen, since they are capable of phagocytosing and killing ingested micro-organisms. Also, eosinophils release histaminase which inactivate cell products histamine secreted as a result of antigen administration. The net effect of this factor is to dampen down the inflammatory response induced by the injection of antigen (Roitt et al> 1985) .
Also, the small change in basophils comes from the allergy induced by the injected antigen. These cells have randomly distributed granules in their cytoplasm, surrounded by membranes, after initiation with appropriate stimulus, pharmacological mediators released following degranulation which react against antigen injection allergy (Roitt et ah, 1985) . 
Changes in the haematologica) parameters of Cyprinus carpio during the motile Aeromon as septicemia disease 75
Changes in the haematologicaJ parameters of Cyprinus carpio during the motile Aeromonas septicemia disease 79 
